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ABSTRACT

Recently, a decreasing rate of fertility has to be credited to an array of factors such as environ-
mental, health and lifestyle. Male infertility is likely to be affected by the strong exposure to heat
and radiations. The most common sources of nonionizing radiations are cell phones, laptops, Wi-Fi
and microwave ovens, which may participate to the cause of male infertility. One of the major
sources of daily exposure to non-ionizing radiation is mobile phones. A mobile phone is now
basically dominating our daily life through better services such as connectivity, smartphone
devices. However, the health consequences are linked with their usage are frequently ignored.
Constant exposure to non-ionizing radiations produced from a cell phone is one of the possible
reasons for growing male infertility. Recently, several studies have shown that cell phone users have
altered sperm parameters causing declining reproductive health. Cell phone radiation harms male
fertility by affecting the different parameters like sperm motility, sperm count, sperm morphology,
semen concentration, morphometric abnormalities, increased oxidative stress along with some
hormonal changes. This review is focusing on the prevailing literature from in vitro and in vivo

ARTICLE HISTORY
Received 7 October 2020
Accepted 6 December 2020

KEYWORDS

Nonionizing radiation;
mobile phone; biological
effects; male infertility;
sperm; reproductive health

studies suggesting that non-ionizing exposure negatively affects human male infertility.

Introduction

Radiofrequency electromagnetic radiation (RF-EMR) is
a kind of microwave radiation. Its dynamic properties
integrate the recurrence at which it is created, estimated
in megahertz (MHz) or gigahertz (GHz), and the inten-
sity of the waves, or the specific absorption rates (SAR),
which could be a degree of the rate of vitality exchange
from the electromagnetic field to particles in an absor-
ber, characterized at a specific point within the absorber
(Durney 1986). One of the most significant exposures is
in different types of electromagnetic radiation which is
characterized into ionizing and non-ionizing radiation
(NIR). The covalent bonds in biological molecules can-
not be broken because of the very weak energy density of
these EMFs and this kind of radiation exposure at the
molecular level is known as NIR (Habash 2008).
Non-Ionizing Radiation indicates radiative energy
that, rather than creating charged particles when going
through matter, has adequate energy just for excitation
but it is known to cause biological effects. The NIR range
is separated into two main regions, optical radiations, and
electromagnetic fields (Kwan-Hoong, 2003). One of the
most popular devices we see today is people with their
mobile phones close to their ears. These days we are
taking cell phone technology as an agreed and required
part of life and sadly disregarding the negative effects on

our wellbeing. Cell phones use RF fields in the form of
electromagnetic waves that are sent from the device to the
closest base station for transmitting calls, text messages,
emails, etc. (World Health Organization, 2014). Unlike
ionizing radiations like X-rays or gamma rays, these RF
waves cannot break chemical bonds nor are they strong
enough to destroy our deoxyribonucleic acid (DNA).
However, they are likely to be absorbed by tissues nearest
to the site of exposure to the system and create a slight
local thermal effect (Dhami 2011). The guidelines on the
specific absorption rate (SAR) of cell phones are lawfully
restricted to 2.0 W/kg by the International Commission
on Non-Ionizing Radiation Protection (ICNIRP)
announced yet at the same time, the SAR level varies
from nation to nation. SAR is a standard unit or rate at
which RF-EMF energy is imparted to a component or
mass to quantify the penetration of energy within human
tissues (International Commission on Non-Ionizing
Radiation Protection, 1998).

Mobile phones dually affect the human body and the
interaction of EMFs electrical field and magnetic field
outside of the biological system can never again be kept
up inside the body because of the electrical and magnetic
properties of living tissues. The human body functions
as a parasitic antenna conveying the EMF from external
sources (Habash 2008). The EM waves transmitted by
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mobile phone relay wireless phone signals to antennas
and base stations. Additionally, the magnetic field serves
as another type of alternating mediated currents inside
the human body. There has been rising concern and
discussion in several countries about the declining
male fertility in recent decades. To look into the causes
of male infertility, it is important to know the harmful
impact of lifestyle choices and factors that are commonly
adapted. Many types of environmental and occupational
exposure have been suggested as possible causes for the
change in the infertility parameters (Skakkebaek et al.
2006). Occupational hazards are the best-documented
risk factors for impaired male reproductive function and
include physical exposures, chemical exposures, and
processes of work such as metal welding (Bonde 2010).
Radiation attained from mobile phones, tablets, Wi-Fi,
and microwave ovens, since they are the most pervasive
sources of non-ionizing radiation may lead to infertility
by exploring the impact of radiofrequency radiation
exposure on the pattern of male fertility. The network-
ing of RF-EMF-aided devices is significantly increasing
and its correlation with male infertility has been
recorded (Kesari et al. 2010, Mcgrill et al. 2014). Many
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studies of physiological and genetic environmental fac-
tors relating to male infertility seem to have been devel-
oped. Male infertility is largely associated with
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Mobile phone-induced general biological effects

The knowledge of how cell phone radiation can change
natural body functions has been significantly developing.
Many experiments investigated various responses to the
exposure of radiation in body tissues. Changes were
examined in the central nervous system, cardiovascular
system, and also in the localized tissues. Cell phone-
generated radiofrequency electromagnetic radiation can
improve brain excitability and has been identified as
carcinogenic (Gupta et al. 2020: Merhi 2012). With
improved handling of mobile phones, reduced mental
activity, and melatonin secretion (D’Costa et al. 2003,
Kramarenko and Tan 2003), variations in electroence-
phalograph (EEG) pattern, sleep rhythm, neuroendocrine
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Figure 1. Potential health effects of mobile phone on the human body. (Source- Makkar et al. 2009)



functions and also correlated with attention and headache
disorders have been reported (Figure 1). Exposure to
mobile phones has also been found to raise resting
blood pressure and raise heart rate (Kesari et al. 2010).
Regular users of mobile phones reported with con-
centration difficulties increased fatigue alongside
a burning feeling near the ear and prickly or numbness
of exposed tissue (Wdowiak et al. 2007) (Figure 1).
Therefore, it can be observed that the mobile phone’s
impacts reach beyond the direct exposure period and
that if amplified, these impacts will have a major impact
on the user’s health and well-being. Unfavorable effects
of pregnancy along with abortion, stillbirth, premature
puberty, altered gender ratio, and congenital abnormal-
ities were all linked to exposure to maternal EMF.
Health endpoints reported being associated with radio-
frequency included childhood leukemia, brain tumors,
genotoxic effects, neurological and neurodegenerative
disorders, suppression of the immune system, infertility,
and some cardiovascular effects. This also indicates that
increased ROS (reactive oxygen species) plays an impor-
tant role by improving the effect of radiation from
microwaves that can cause neurodegenerative diseases
(Kesari et al. 2013). Clinical work correlating EMF with
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adverse health results has often produced reputedly con-
flicting outcomes, study into sexual disease, most cancer
capacity tends to assist previous concerns that exposure
to EMF may pose a health risk. Revolutions in mobile
phones show the antagonistic effects on the human
biological system as the central nervous system, circula-
tory system, and more precisely reproductive system of
the male (Makker et al. 2009; Singh et al. 2018).

Mobile phone and male infertility

Infertility is a common disorder that affects 15% of
couples and nearly half of the cases are due to male
infertility. There are hazardous health effects of exposure
to radiofrequency electromagnetic radiation emitted
from mobile phones on the human reproductive pattern.
There are many reports relating to the use of cell phones
and harmful effects on the male reproductive system
(Ribeiro et al. 2007). The mobile phone’s radiated energy
is absorbed by human body tissues and organs into
which radiofrequency or resonant absorption penetrates
seminiferous tubules (Agarwal et al. 2009). Many of
these studies revealed that the key cause associated
with these unexpected findings had to do with elevated
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Table 1. Summary of the major parameter of male infertility affected due to exposure.

S.No Cell type Source Radiation exposure Outcome References

1. Testicular cells Rat 4 G Smartphone RF-EMR Impaired testes and upregulates testicular gene Spock3, the Gang Yu
exposure establishment of sperm quality and testicular injury by inhibiting et al.
at a different time, overexpression Spock3 (2020)
duration

2. Testicular cells Balb/c mice 2.4 GHz, Sperm concentration (at a low power density of Wi-Fi radiation) Delavarifar
SAR of 30 and 92 mW/kg significantly increased Setal

(2020)
3. Spermatozoa Mouse 905 MHz, SAR of 2.2 W/kg Increased mitochondrial generation of ROS and DNA oxidation Brendan
et al

(2019)

4. Testicular cells Male mice 905 MHz, SAR of 2.2 W/kg Mitochondrial generation of ROS increased with elevated DNA Houston
oxidation et al.

(2019)

5. Testicular cells Wistar rats A dual-band Nonsignificant decrease in serum testosterone levels. Okechukwu
(900 MHz,1800 MHz), SAR (2019)
of 1.6 W/kg

6. Germ cells Swiss (902.4 MHz and 0.250 W Cellular antioxidant (GSH) levels and anti-oxidative enzyme (SOD)  Pandey and

albino power), SAR of 0.0516 and activity shows a significant decrease Giri
mice 0.0054 W/kg (2018)
7. Leydig cells Mouse 1950 MHz, 3 W/kg Cell proliferation decreased, cell cycle distribution, Testosterone Yan-Yun Lin
secretion capacity, and P450scc mRNA level reduced. et al.
(2017)
8. Seminal fluid Human  GSM1800/1900 MHz Prolonged cell phone daily usage shows a decrease in motility ratio Hagras et al.
and progressive motility percentage (2016)
9. Spermatozoa Rat 900 MHz, 0.66 +0.01 W/kg  Increases the ROS level and decreases TAC in sperm Qi Liu et al
(2015)
10. Testicular cells Rat 900 MHz Sperm parameters decrease, irregular seminiferous tubules, giant  Bin-Meferij
multinucleated cells, and the number of Leydig cells reduced et al
(2015)
1. Seminal fluid Rat 2.45 GHz, 0.018 W/kg Significant decrease in sperm count and sperm viability, Reduction S.Shahin
in testicular 3 HSD activity and plasma testosterone levels et al.
(2014)
12 Seminal fluid Human  Based on the active usage of Sperm DNA fragmentation changed who use the mobile phone for Rago R et al
mobile phone more than 4 h/d (2013)
13. Testicular cells Rat 245 GHz, SAR of 0.14 W/kg  Facilitate DNA Damage in testicular cells Meena et.al
(2013)
14. Plasma Male 1800-MHz, Regulation of testosterone affected Qin F et al
Testosterone Sprague SAR of 0.5762 W/kg (2012)
Dawley
rats
15. Spermatozoa Human  900-MHz, SAR A significant effect on sperm morphometry, decrease in sperm Falzone
2.0 W/kg binding to the Hemi zona et al.
(2011)
16. Spermatozoa Male Wistar Mobile phone exposure, SAR A decrease in sperm count and apoptosis increased Kesari et al.
rats of 0.9 W/kg (2010)
17. Seminal fluid Human 850 MHz, SAR of 1.46 W/kg  Motility and viability significantly reduced, Increased in ROS level ~ Agarwal
while decreased in ROS-TAC score et al.
(2009)
18. Spermatozoa Human 1.8 GHz, SAR from 0.4 to Decrease in sperm Motility and vitality while significantly increased De luliis
27.5 W/kg in Mitochondrial ROS et al.
(2009)
19. Spermatozoa Human 900 MHz GSM, Significant decrease in Mitochondrial membrane potential, no effect Falzone
SAR of 2.0 and 5.7 W/kg on motility etal.
(2008)
20. Seminal fluid Human  Based on the mobile phone  Semen quality decreased, declining the sperm count, motility, Agarwal
usage duration viability et al.
(2008)

oxidative stress within reproductive organs (Qin et al.
2012). There is a major decline in sperm motility and
viability and an increase in human semen oxidative
stress due to the emission of EM-RFR from mobile
phones. A mobile phone on talk mode in a pocket of

the trouser may harm spermatozoa and hinder the ferti-
lity of males. Besides, EMW radiation can alter the
functions of Sertoli cells, and Leydig cells, resulting in
decreased hormone secretion consisting of follicle-
stimulating hormone that can lead to altered cell



proliferation (Agarwal et al. 2008; Roosli et al. 2007).
The testis is one of the most susceptible tissues to the
dangers of radiation that causes the testis to experience
a significant firm impairment (Howell and Shalet 2005).
The negative effects on testis function found by RF-EMR
included enhanced blood test barrier, changes in the
morphology of testicles, sperm number and sperm moti-
lity decreased, as well as alternation in DNA integrity of
sperm or the endocrinal role (Aitken et al. 2005)
(Figure 2). The key processes by which the damage is
done are scrotal hyperthermia and oxidative stress
(Depinder et al. 2007). The testicular temperature is
known to be 2-3°C which is lesser than the temperature
of the rectal, and it is assumed that the optimum tem-
perature for spermatogenesis is 35°C. From this perspec-
tive, the practice of holding a mobile phone in or after
the use of the trousers’ pocket may also affect the poten-
tial hyperthermia generation and ROS (Saikhun et al.
1998). Furthermore, questions were raised about the
transportation of mobile phones near reproductive
organs, and most studies reported (Table 1) that mobile
use cause sperm dysfunction; so, due to the deformation
of Leydig and Sertoli cells which is associated with cell
proliferation brings the changes in the cell cycle of
sperm and leads to the decline in the men’s fertility
(Kesari et al. 2010).

Mobile phone’s effect on sperm parameters
Semen quality

The frequency of the cellular component related to
incoming waves and the resulting intensity of emitted
may have an impact on the overall body as well as more
critically on the male reproductive system. Cell phone
use is turning out to be progressively famous around the
world, with a definite group of the population assessed
to use their mobile phone more than half of their day
whether in standby or active mode. (Redmayne et al.
2011, Roberts et al. 2014). Due to the common habit of
keeping cell phones near the testes, these people might
be accidentally revealing their reproductive system to
moderately significant levels of RF-EMR. This way it is
an extensive concern that the utilization of cell phones
and due to this exposure semen quality shows negative
effects. (Agarwal et al. 2009; Fejes et al. 2005). All the
given information supports the idea that NIR can fun-
damentally weaken crucial parts of sperm functions
recommending an immediate impact on developing
spermatozoa. Sperm DNA disintegration altogether
changed in the groups exposed for more than 4 h in
a day, specifically for the individuals keeping mobile
phone in the pocket of their pants. (Rago et al. 2013).
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Gutschi et al. (2011) examined in patients exposed to
mobile phone radiation (Group A), the gametes with
68% had a compulsive morphology as compared to
58.1% in patients not exposed to mobile phone radiation
(Group B). This exhibited that use of the mobile phone
has a detrimental effect on men’s sperm quality. A study
by Jurewicz et al. (2009) concluded that cell phones
badly harm the quality of semen by reducing sperm
motility. Delavarifar et al. (2020) observed that the
sperm concentration increases with the exposure of
2.4 GHz at SAR of 30 mW/kg and 92 mW/kg on testi-
cular cells of Balb ¢ mice.

Sperm motility

Several experiments have been performed that have
looked at the adverse impact of mobile phones on
sperm motility characteristics. Concerning the wea-
kened motility nature of sperm, NIR appears to affect
the sperm capacity to continue forward progressive
motility. Certainly, Erogul and collaborators (2006) in
their study concluded that the RF-EMR exposure for 5
min only to human sperm traded off their capacity to
continue both moderated and quick progressive sperm
motility (Erogul et al. 2006). Whereas some studies have
used exposure for a long-time interval (hours/day) to
produce a noteworthy decrease in motility and progres-
sive motility of sperm appears to be the typical outcomes
emerging from exposure of RF-EMR (Fejes et al. 2005).
A prospective in vitro investigation of 32 individuals
exposing the fresh semen samples to radiation
(1.46 W/kg SAR for 60 min). Sperm motility and post-
exposure viability diminished altogether has been
noticed by the researchers. It has been speculated that
RF-EMR produced from mobile phones will rise oxida-
tive stress in human spermatozoa bringing about
a reduction in sperm motility and viability (Agarwal
et al. 2009). It has been observed that testes impairment
upregulates testicular Spock3 and inhibits Spock3 over-
expression which restored the quality of sperm and
testicular damage increased (Gang et al. 2020).

Sperm morphology

RF-EMW radiation from mobile phone use was also
linked with a deterioration in normal sperm morphology.
Data-based research was performed on 361 people to
determine whether a link existed between mobile phone
usage and morphology of sperm. Based on mobile phone
usage subjects were grouped into no use, 4 h/d.
A significant difference in mean normal sperm morphol-
ogy between the group of low use (40.32 £ 13.06) and the
group of high-use (18.40 = 10.38) was observed (Roosli
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et al. 2007). Wdowiak et al. (2007) have observed
a substantial rise in the number of sperm with an uneven
structure which is related to the amount and length of
penetration radiofrequency radiation produced by mobile
phones from GSM (Global Mobile Communications
System). Patients with 55.6% showing that without
mobile phones had standard morphology parameters
(over 30% standard sperm morphology), while only
16.7% of the patients who used cell phones regularly
(more than 2 years of daily phone use) had normal
sperm morphology (Ofteda et al. 2005).

Sperm number

The male fertilizing capability of sperm is adversely affected
by the Radiofrequency radiation emitted from mobile
phones or different sources of microwaves (Kumar et al.
2011). In an observational analysis, Fejes et al. (2005) found
that a substantial decline in sperm count was related to the
level of mobile phone treatment. This investigation exam-
ined 231 men more than 13 months and indicated that
men use more mobile phones, sperm counts were 30%
lesser than those who did not use for a long period.
Haemocytometer, flow cytometry, and cell counter are
many techniques used for the sperm count measurement.
Utilizing Flowcytometry, Kesari et al. (2010) demonstrated
in an animal study that fundamentally (p < 0.0001) dimin-
ished sperm count percentage (61.33 + 3.68% versus
31.14 * 13.6%) and a high percent of apoptotic cells
(5.93 + 1.64% versus 13.15 + 1.26%) after exposure from
the mobile phone (2 h/d for 35 d). Such radiation exposure
may generate a condition of free radical stimulation and
oxidative stress produced by the sperm mitochondria (De
Tuliis et al. 2009). In comparison, a study by Salama et al.
(2003) rats exposed to RE-EMW mobile phone (2 h/d for
35 d at 0.9 W/kg SAR) in an experimental sample reported
a reduced mean value of complete sperm count
(31.14 + 13.6 vs. 61.33 * 3.68) and an enhanced mean of
apoptotic cells’ percentage (13.15 + 1.26 vs. 5.93 + 1.64%).
Research on rabbits exposed to cell phone radiation at
GSM mode with 800 MHz radiation on standby status
was also performed by Salama et al. (2010). RF-EMW
treatment of 8 h/d resulted in a substantial drop in the
count of sperm after 8 weeks of treatment and after expo-
sure of 10 weeks, a decline in sperm motility.

Sperm capacitation and fertilization effects

Sperm capacitation and fertilization work under response
to electromagnetic waves from mobile phones has not
been broadly studied in the literature. However, hyper-
activation motility parameters, particularly straight line or
constant velocity, and BCF are hindered at a specific

absorption rate of 5 W/kg (Falzone et al. 2008). This
hyperactivation defect can result in a low rate of fertiliza-
tion. In this experiment, the SAR value used was never-
theless greater than the current mobile phone’s
conventional SAR. Another study found that the thermal
effects were not observed, as the temperature increase was
just 0.38°C (Falzone et al. 2008). The effect on hyperacti-
vation can be elucidated by EMW’s effect on ROS, defects
in DNA integrity, or loss of Ca®*. Likewise, another
in vitro study by Falzone et al. (2011) on pure human
sperm was not able to distinguish little varieties in unti-
mely acrosomal reaction because of cell phone exposure
with 900 MHz at SAR-2 W/kg for 60 min. The scientists,
on the other hand, observed a substantial decrease in the
binding of zona pellucida of sperm which correlated with
a low rate of fertilization.

Leydig cells

These are the interstitial testis cells with a critical role in
promoting spermatogenesis and the male reproductive
system, as they secrete 95% of the male testosterone
under the Luteinizing Hormone effect (O’Shaughnessy
et al. 2014). The secretion of testosterone is necessary to
induce and maintain spermatogenesis. Several animal
experiments have looked at the effect of EMW on the
role of Leydig cells. In a report on mice, wang et al. (2003)
found that Leydig cells are among the most exposed
against EMW and that spermatogenesis can be disabled
by harming these cells (Zhou et al. 2005). Oxidative stress
and EMW mediated modification in the complex of PKC
enzymes present in seminiferous tubules and behavior of
Leydig cells may be disturbed in response to exposure to
mobile phones. In this aspect, the application of RE-EMR
radiation to mouse Leydig cells (TM3) resulted in the
upregulation of Etsl oncogene, giving in some studies
a potential mechanism for interstitial disruption of cell
function (Romano-Spica et al. 2000). In Leydig cell,
pathological modifications such as vacuolation, cytoplas-
mic mitochondrial swelling, lipid droplet loss, light stain-
ing of most lipid droplets, and partial or full lipid droplet
cavitation have been observed by Wang et al. within 28 d
of EMW radiation (Wang et al. 2003). Khillare and
Behari (1998) also observed after 35 d of exposure with
200 MHz RF fields and SAR 2.0-1.65 W/kg that there was
no demonstrable modification in serum testosterone in
male rats. The authors did find some ultrastructural
changes in Leydig cells, however. On 35 d of exposure,
Kesari and Behari (2010) stated due to microwave expo-
sure at 2.45 GHz and 0.11 W/kg of SAR there is increased
apoptosis in Leydig cells. In this analysis, an elevated
apoptotic rate can be explained by different mechanisms,
as defined under the context of biological interactions.



Besides, the analysis of the above information indicates
that the impact of mobile phones on spermatozoa and
related tissues is significant. However, the damage is not
clear whether it is reversible or temporary or permanent,
resulting in no demonstrable physiological changes in the
actual radiation of the mobile phone. To analyze the harm
based on uniform study procedure and graded response
assessment, more work in this area is needed. Owing to
a cell phone or microwave radiation, testicular infertility,
or testicular cancer indicates an increased level of reactive
oxygen species (ROS) also known as oxidation, which can
also lead to DNA fragmentation. Besides, radiofrequency
electromagnetic radiation generated from cell phones
causes biological damage and results in many changes,
such as decreased sperm count, enzymatic and hormonal
changes, DNA damage, and apoptosis formation (Kesari
et al. 2013). Human spermatozoa exposed to RF-EMR
reduced sperm motility rate, and increased oxidative
stress; and decrease in sperm concentration, normal mor-
phology, and viability (La Vignera et al. 2012).

Mobile phone-induced oxidative stress

Many findings indicate that the major cause leading to
several unexpected effects inside the male reproductive
organ was due to enhanced oxidative stress (Naziroglu
et al. 2013). Studies also indicate that cell phones emit
electromagnetic radiofrequency waves generating free
radicals which ultimately leads to oxidative stress (De
Luliis et al. 2009). Oxidative stress is a redox disequili-
brium state in which the production of ROS contributes
to a loss of the antioxidant defensive potential of the cell
and results in DNA degradation and lipid peroxidation
(Meena et al. 2014). Fenton reaction (iron-mediated
process) triggered by exposure to mobile phone radia-
tion is reported to cause severe damage to cells through
increased free radical hydroxy formation (Kesari et al.
2013). The reproductive system of a male is extremely
reactive to compartmentalized structure, to work prop-
erly involves the combination of intrinsic and extrinsic
factors. ROS was considered as the primary causative
agent of EMF disruption to spermatozoa from mobile
phones (Hamada et al. 2011). Since spermatozoa plasma
membranes are rich in polyunsaturated fatty acids, they
are very prone to Reactive oxidative stress damage that
results in lipid peroxidation. Lipid peroxidation affects
spermatozoa’s membrane integrity and motility (De
Luliis et al. 2009). Brendan et al. (2019) and Houston
et al (2019) explained that after 1 week of exposure the
mitochondrial generation of ROS increased with the
elevation in DNA oxidation and fragmentation.
Radiofrequency electromagnetic radiation (RF - EMR)
enhances human spermatozoa ROS production in

ELECTROMAGNETIC BIOLOGY AND MEDICINE ‘ 7

mitochondria, which reduces its motility and viability
and forms DNA base adduct (Aitken et al. 2006). The
ROS caused by EMF adversely impacts the activity of
antioxidant enzymes. It greatly influences the stability of
the mitochondrial and nuclear genomes, and also
induces apoptosis, degradation of DNA, and alters the
expression of cytochrome ¢, Bax gene, etc. (Kesari et al.
2014, Kesari et al. 2011).

Mobile phone exposure-induced hormonal
changes

The seminiferous tubules are disturbed by RF exposure
that reduced the testosterone serum concentration as the
Leydig cell population decrease. Testosterone is secreted
by Leydig cells where Leydig cells are stimulated by
luteinizing hormone (LH) to produce and maintain
testosterone functions. Testosterone is accountable for
the LH secretion feedback control at both the hypotha-
lamus hormone and pituitary hormone. This pituitary
hormone helps in the testosterone secretion by the
Leydig cells (Dohle 2010). Another analysis of rats by
Ozguner et al. (2005) found that there is no considerable
difference in FSH, LH, or interstitial histology but tes-
tosterone was substantially decreased in the group of
EMR relative to the control group (p < 0.05). The
study suggested that natural levels of FSH and LH
could be explained by reduced anterior pituitary pene-
tration to EMR contributing to low testosterone
responding to the excessive release of FSH and LH
(Ozguner et al. 2005). A substantial reduction in acces-
sory sex glands was observed in rats when accessory sex
glands androgen-dependent secretory activity exposed
to cell phone radiation (Salama et al. 2009). Results were
linked by the authors to potential differences in recep-
tors of testosterone, or oxidative stress on male acces-
sory glands (Salama et al. 2009).

Mobile phone exposure-induced DNA integrity
defects

Aside from a few other lifestyle factors, the use of the
wireless device has been recognized to incite sperm
DNA damage in men constantly using cell phones
(Meena et al. 2014) as a result of an overproduction of
responsive oxygen species (ROS). The development of
various pathologies including tumors, and issues in the
spermatogenesis may be prompted (Kumar et al. 2014).
The vital functions of the sperm are control by the DNA
as it contains genetic information. DNA damage from
external and internal sources is correlated with poor
semen quality and poor fertilization rate, as well as
poor pregnancy outcomes (Zini et al. 2001). In both,
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the nuclear and mitochondrial genomes of spermatozoa
retrieved from the cauda epididymis showed DNA
damage due to the RF-EMRs 7 d exposure in male
mice (Aitken et al. 2005). TUNEL assay under cell
phone EMW effect is proportional to the exposed SAR
used for the detection of Sperm DNA integrity defects.
De Tuliis et al. (2009) observed the rise in sperm DNA
integrity defects. In contrast, Falzone et al. (2010) had
used TUNEL assay under EMR exposure and did not
find any significant DNA integrity defect in the sperm.
Another in vitro study by Agarwal et al. (2009) failed to
show any difference in EMR impact on sperm. These
above studies conclude that EMW leads to DNA
damage. However, this damage shows a collective effect
due to long-term repeated exposure.

Conclusion

Generally, the outcome of the studies has indicated that
mobile phone usage changes different sperm parameters
in both ways in-vitro (human) and in-vivo (animals).
Several studies disclose that the exposure to cell phones
produces harmful effects on the testes, which may affect
sperm motility, sperm number, sperm concentration, and
morphology and an increased DNA damage, causing
micronuclei formation and reactive oxygen species within
the cell. So many evidences showed that exposure from
cell phones results in elevated oxidative stress with disin-
tegrated DNA and it is directly and indirectly dependent
on the time of cell phone use. Further researches are
required to provide strong evidence that the use of mobile
phones may disturb sperm and testicular activity. Several
evidences suggest that the irregularities reported due to
RF-EMF-exposure depend on physical parameters such
as utilized RF wavelength, penetration range into the
object, and transmission length of the radiation.
Unfortunately, existing studies are not able to suggest
a true mechanism between the harmful effects of RF-
EMF radiation and the male reproductive system. To
conclude all of the above, government bodies and agen-
cies should form strong guidelines against cell phone
exposure and take preventive actions such as in the
usage of mobile phones, preventing chatting, reducing
the overall contact time, and holding the gadget away
from the groin may be of significant help to people
pursuing fertility. Moreover, very limited studies are
available on protective actions so far so a large-scale
analysis is also required to determine the reproductive
parameters.
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